Respiratory toxicity of copper was tested in Wistar rats by spraying copper sulfate (330 g/l spray) for daily periods of 1 hr in a self-contained chamber for up to 10 days. The respiratory toxicity was compared with that from intraperitoneal administration of 1 mg Cu/mg body weight and with adequate control rats. Analysis of tissue Cu and Zn was done in lung, liver, kidney, and plasma by using atomic absorption spectrophotometry. Similar organ and subcellular distribution of both elements were found between the two treated groups, and only statistically significant higher levels of Cu were found in plasma and liver. After exposure, Cu and Zn were basically associated with a low-molecular-weight component, which eluted as metallothionein in the postmicrosomal fractions. -Environ Health Perspect 102(Suppl 3): 339-340 (1994).
Introduction
The use of copper-containing pesticides is traditional along the Mediterranean coastline. Copper, mostly in the form of sulfate (i.e., the traditional Bordeaux broth), has been known for centuries to inhibit the growth of parasites, especially fungi. Its use is still common and is most widely spread along the Mediterranean coast of Spain. However, only scanty information has been obtained on the effect of this practice upon people who have been traditionally spraying these pesticides. Presumably, the route of entry of copper into the body during spraying is by inhalation, and to the best of our knowledge no indications of respiratory toxicity of copper have been published to date.
It has to be considered that copper homeostasis is finely regulated, due to its essential nature as well as to its toxicity (1) . This regulation is carried out mostly by changes in intestinal absorption and biiary excretion, when the entry into the body follows the normal route, i.e., gastrointestinal intake (2) . However, during spraying, entry into the body is mostly through the lungs, which implies a bypass of the liver, which regulates metabolism (1, 2) Ve/Vo 
Results and Discussion
Control groups did not show any difference, and the values were pooled. As can be seen in Table 1 , higher Cu and Zn levels could be detected in all the organs after Cu treatment, although only liver and plasma Cu were statistically significant. The increases of copper in these organs are similar to those reported in similar situations of copper administration (4). Liver Cu increased dramatically to levels of up to 280 ppm, whereas the levels of Zn only doubled. Although in kidneys the large individual variation did not allow statistically significant differences, it is obvious that an increase is produced with time in the animals exposed to copper through inhalation. Finally, in the lung only Cu levels were slighly higher after respiratory exposure. These results agree with the central role of liver in copper metabolism as the main organ in initial copper storage and detoxification (2, 5) . The similarity in the increases of copper and zinc highlights the common trends in their metabolism and the possibility of similar mechanisms of accumulation or immobilization of excess metal that could involve both elements. The increases observed in kidneys probably relate to the urinary excretion of these elements, which is high in populations of copper sulfate sprayers (6) . The subcellular partitioning of both elements between the particulate and the soluble fractions showed that most of the additional metal was accumulated in the soluble fraction, similar to the results reported by other groups for similar exposures (4). The distribution of copper in the soluble fractions of liver and kidney (Figure 1) clearly shows the accumulation of copper in a low-molecular-weight protein, probably metallothionein. However, no zinc eluted in that fraction (results not shown) and the increases in its levels in both tissues were centered in the void volume fractions. These results agree both with the known higher affinity of metallothionein for copper than for zinc (2) and for the higher increase of copper levels in both organs. Copper toxicity has been clearly correlated to increased metallothionein levels in both organs (7) . However, in the lungs the increase of copper was only evident in high-molecular-weight fractions, without any indication of metallothionein or metal associated with it in this organ. To date, no indication of metallothionein presence has been observed in the lung, and probably this organ does not easily accumulate metals.
Although exposure to copper both intraperitoneally and through the respiratory system shows similar results, the metal accumulates to higher concentrations in the latter. Handling of the element seems to proceed by the same mechanisms, and accumulation and excretion are mostly through liver and kidneys. Paradoxically, little or no accumulation occurs in the lungs, where the absence of copper associated with metallothionein is well known.
